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The G alapagos Islan d s w ere v isited b y th e Lack-V enables E xpedition during th e w inter 1938-9, a n d analyses were m ade of th e anthocyanin pigm ents contained in th e ch aracteristic a n d largely endem ic p lants of Indefatigable Island. T he m ethods used for an th o cy an in identification u n d er cam p conditions are described. N o new pigm ents were found, b u t a high p ro p o rtio n of th e p la n ts w ere found to co n tain nitrogenous anthocyanins. T his provides pow erful su p p o rt for th e views already p u t forward as to th e d istrib u tio n of such pigm ents (Law rence, Price, G. M. Robinson a n d R . R obinson 1939), alth o u g h slight m odification of these views is needed.
During the winter 1938-9 the Lack-Venables Expedition worked on biological problems in the islands of the Galapagos Archipelago and a stay of two months (February and March) on one of the larger islands, In defatigable, afforded the opportunity for systematic botanical collection. This was combined with the study on the spot of the types of pigments found in the plants; the present paper deals with those of the anthocyanin group. The purpose of this study was to see how far identification of anthocyanin pigments can be carried out in the field with the restrictions in apparatus and reagents which transport to such a part of the world and work under camp conditions necessitates, and to examine the pigments present in as many as possible of the species which are entirely confined to these islands.
The Galapagos Islands are a volcanic group and lie on the equator in the Pacific about 600 miles west of Ecuador. They have long been recognized as remarkable for their fauna, in which reptiles predominate and mammals are hardly represented, and for their flora, of which over 40 % of the species are said to be endemic. In the larger islands, which rise in volcanic peaks to over 2000 ft., there is a marked succession of botanical zones, from the very dry regions near the coast through dense forest at intermediate heights to a fern belt and finally open country of a moorland type, and consequently species of varied character are found. In the drier regions many of the plants spend much of the year in a resting phase, but the investigation was carried out at the end of the short rainy season when all the plants were in vigorous growth.
The methods employed for the identifications of the anthocyanins were [ 230 ] those developed by R. Robinson and G. M. Robinson and already used by them for a very large number of plants (1931, 1932, 1933, 1934 ; see also Lawrence, Price, G. M. Robinson and R. Robinson 1938) . Certain sim plifications had to be introduced because of the impossibility of trans porting large quantities of organic solvents and of working with them in a tropical climate. When there is only one anthocyanin present, the colour reactions with simple reagents and the partition between amyl alcohol and aqueous hydrochloric acid together with the colour reactions and dis tributions of the anthocyanidin are sufficient to establish its nature, but when the pigment is a mixture of anthocyanins, separation of them in volves larger quantities of material and much larger quantities of solvents, so that complete identification of the constituents becomes impracticable in the field; in such cases the results given below are provisional and are based to some extent on personal judgement and experience. One of the most valuable reagents taken was ethyl acetate, which, on Lady Robin son's suggestion, was used extensively for removing yellow and brown anthoxanthins from acid solutions of anthocyanidins and thus made possible many of the identifications; since it is also admirable in ento mological killing bottles, it is a useful dual purpose reagent. The apparatus taken was a small glass mortar for crushing plant material, test-tubes and two small separating funnels. Organic solvents such as amyl alcohol, ben zene and petroleum ether were taken in small square tins, and quantities of 350-400 g. proved amply sufficient, apart from petroleum ether; this is needed in larger amount for returning into solution in aqueous hydro chloric acid anthocyanidins which have been extracted with amyl alcohol. The supply taken was soon exhausted, but it was found that petrol for a motor-boat could be used in its place. The most difficult reagent to trans port under primitive conditions is concentrated hydrochloric acid, which is essential for the hydrolysis of an anthocyanin, and this was packed in a separate wooden box. Experiments had been made before leaving England with the view of finding some solid acid sufficiently strong for the purpose, but they were unsuccessful; potassium hydrogen sulphate can be used as a dilute mineral acid, but even in saturated solution it does not hydrolyse an anthocyanin at the requisite speed. A supply of rain water was available for the analyses, and 'meta' fuel was used for heating test-tubes. The results obtained are given below. The identifications of the plant species are to some extent provisional; specimens of all the species were brought home and are now in the Herbarium of the Royal Botanic Gardens, Kew, but the difficulties of the present international situation have made the systematic working out of the collection impossible. The majority of the plants in Galapagos do not produce conspicuous flowers, a fact which has been attributed to the paucity of insect life in the islands (Robinson 1911) , and several of those which do, have yellow flowers, containing no anthocyanin; however, anthocyanins can readily be found in the stems or leaves of several of the yellow and white flowered species.
The most striking feature of the results is the high proportion of species in which the anthocyanin is not of the normal type (i.e. a derivative of pelargonidin, cyanidin or delphinidin), but a nitrogenous anthocyanin of the kind that is found in the beetroot (Robinson and Ainley 1937) and in the bracts of Bougainvillea (Price and Robinson 1937) ; more than one-third of the dicotyledons examined contained such pigments. The nitrogenous anthocyanins are readily detected by their colour reactions, but, in the field at least, no distinction can be drawn between them, and they are simply described below as nitrogenous. It was soon realized that the reason for their high frequency is that certain plant families contribute a larger proportion of species to the Galapagos flora than they do to the European floras, and that members of these families invariably contain nitrogenous, and not ordinary, anthocyanins. This latter fact has already been pointed out by Lawrence, Price, G. M. Robinson and R. Robinson (1939) , and the truth of their generalization, which was based on the plants native to or introduced into Europe, finds a striking confirmation in the Galapagos observations, which were made independently and without a knowledge of the generalization. Several interesting examples of how a plant be longing to these certain families seems to be incapable of producing any but a nitrogenous anthocyanin were found; thus Cereus Thouarsii Weber, an endemic tree cactus, has a waxy flower pale mauve on the outer side and its fruits are pale maroon; SesuviumPortulacastrum L culent, has pink flowers and the old stems exposed to the sun become bright lobster red; a herbaceous plant of the forest, Boerhaavia scandens L., has small pink flowers and as the plant grows old, the nodes on the larger stems become dull red; in all these cases the pigment is nitrogenous.
Lawrence, Price, G. M. Robinson and R. Robinson have further pointed out that the occurrence of nitrogenous anthocyanins only in certain families may be of importance in tracing the relationships between the groups of plants, and that the results so far obtained fit well with the scheme of systematic relationships most recently proposed (Hutchinson 1926) with one exception, the order Cactales. All the other orders in which these pigments have been detected are shown in Hutchinson's scheme as closely related, but Cactales are placed far away from the others, although Hutchinson states that there are grounds for placing them next to Ficoidaceae. Since the latter family invariably contains nitrogenous pigments, the above authors point out that from a chemical point of view this alternative position is to be preferred.
There is, however, another clash between the morphological and chemical deductions. In their collected results the above authors included an observation of Kryz (1920) that the pigment of Fuchsia berries is nitro genous, and hence placed the order Lythrales among those with such pigments; this would agree with Hutchinson's scheme, in which Lythrales are shown as deriving from CaryophyHales and leading on to Thymelaeales. At least two of the families of the order Caryophyllales (Ficoidaceae and Portulacaceae) and the only family of Thymalaeales so far examined (Nyctaginaceae) invariably contain nitrogenous pigments. Kryz's result is, however, erroneous. Dr J. R. Price has re-examined certain Fuchsia berries and finds only normal anthocyanin, and no other member of the order to which Fuchsia belongs (Lythrales) has been found to contain a nitrogenous anthocyanin. There are several instances already published (see Lawrence, Price, Robinson and Robinson 1939) and others are given here, including some English plants investigated for this purpose since my return to England. Hence the present position is that the order Lythrales, placed by Hutchinson as leading from an order in which nitrogenous anthocyanins occur to another in which, as far as is known, they are invariable, itself contains no such pigment. Although it is not known how strong such evidence is, from a chemical point of view Hutchinson's sequence is unsatisfactory.
In the following list of results the plants are arranged in Hutchinson's classification and the numbers shown are those allotted by him to the orders and families; the arrangement is reversed so that the more advanced types are given first. Species which are endemic in the Galapagos Archi pelago are marked with an asterisk. The nitrogenous anthocyanins were recognized by the immediate yellow colour formed on adding sodium hydroxide to the acid solution, the destruction of the pigment by ferric chloride, the ease of oxidation in alkaline solution and the characteristic dilute permanganate colour of the acid solution.
METACHLAMYDEAE 76 Lamiales
263 V e r b e n a c e a e .
*Clerodendron molle HBK. var. glabesce
The white corolla has a roseate tube; the pigment contains much anthoxanthin, but also a monoglucoside of an anthocyanidin which is almost certainly peonidin. 
Myrtales
120 Melastomaceae. *Miconia Robinsoniana Cognieux. The minute purple flowers contain an anthocyanin, but the colour reactions are masked by the presence of some colourless compound which gives an intense blue colour with ferric salts. Unfortunately the flowers are very small and the shrub grows only in the more inaccessible parts of the island.
Gactales 107
Cactaceae. *Cereus Thouarsii Weber. The outer part of the flowers and the fruit contain a nitrogenous anthocyanin.
Thymelaeales
83 N y cta g in a c ea e. Boerhaavia coccinea Mill. The small purple flowers contain a nitrogenous anthocyanin. B. scandens L. A pigment of the same type is in the pink flowers and the red nodes of the older stems. Cryptocarpus pyriformis HBK. The old hardened shoots of this vine are faintly red in places and the anthocyanin is nitrogenous.
Lythrales
72 L y th r a c ea e.
Cuphea strigulosa H.B.K. The bright purpl contain a diglucoside of cyanidin.
